The total respiratory compliance of anesthetized, relaxed adults has been found to have a lower value than that in awake subjects (1, 2) . The probable explanation for this fact is the inability of the conscious individual to relax as completely as does the anesthetized patient. The values observed in unconscious subjects, therefore, more closely approximate those of narcotized patients in need of artificial respiration (1, 2) or of unanesthetized, apneic polio patients being ventilated by a mechanical respirator (3) .
The pulmonary compliance of resting newborn infants has been measured by the use of a body plethysmograph and intraesophageal pressure technique (4, 5) . These values are low when compared on a lung weight basis to those recorded for the adult. However, since lung compliance relates closely to the functional residual capacity (4, 6, 7), a comparison of infant and adult lungs on this basis suggests that they are similar in compliance.
We have been unable to find any report of measurements of total lung and chest wall compliance in the anesthetized, paralyzed infant. This is a report of our endeavor to obtain such information, which, we believe, will provide a better understanding of infant respiratory physiology. These data also are of practical interest for infant resuscitation, anesthesia, and in the design of infant resuscitators.
METHODS
The 21 infants selected for this study varied in age from 5 to 76 days and in weight from 5.5 to 12.5 pounds. Three of the infants were females. All appeared free of respiratory disease as far as could be determined by history and physical examination. None exhibited abdominal distention. All were scheduled for pyloroplasty or inguinal hernioplasty, except one who was to have a liver * This study was supported in part by Research Grant no. B-2043(Cl) from the National Institutes of Health, Bethesda, Md. biopsy and one excision of a sacral cyst. Three infants were premature at birth.
The apparatus (Figure 1 ) consisted of an oxygen cylinder with pressure-reducing valve and flow-regulator (a flow-regulating valve designed to deliver gas constantly at a selected pressure), a large-bore two-way stopcock and a calibrated, low-inertia water spirometer of approximately 450 ml capacity. These were connected by large-bore, smooth rubber tubing to permit inflation of the infant's lungs with oxygen through one limb of the two-way stopcock, then rapid collection of the passively expired gas in the spirometer through the other limb. The "compliance" of the rubber components of the equip)ment was negligible at the highest pressure.
All infants were studied in the operajg room just prior to operation. point used by other investigators (1) and Butler (8) is measured after the lungs and chest wall gresses from the high pressure-volume recordings en permitted to adjust to the applied pres-toward the lower ones, rather than in the opposite 5 or more seconds. Butler and Smith (2) direction. Artifacts consequent to surface tension [adults that airway pressure would decline and lung blood volume are reduced by this techafter the lungs were distended with a given nique, thereby affording more reliable data. The increinent. This they attributed to the pressure-voltume curves obtained in this study re- opening of collapsed segments on the lung semble those reported by Agostoni (9) for aneswith a consequent increase of effective thetized, paralyzed newborn dogs. The total com-* volume. Airway pressure stabilized after pliance of these newborn dogs was low over the seconds. High intrapulmonary pressure in tidal volume range during the initial ascending Several investigators (4, 6, 7) have concluded that pulmonary compliance is related to functional residual capacity, which in turn is related to an exponential function of body height (6) . Although in our study there was a range of 71 days in age, 7 pounds in body weight, and 14 cm in height, no significant correlation could be found between the total compliance value at 20.4 cm H2O and age, weight or height. Possibly the number of infants studied was too small to reveal such a correlation.
Pulmonary compliance in newborn infants has been measured by others (4, 5) . Our data suggest that the pulmonary and total compliance of the supine infant are nearly the same. Cook and his associates (4) found an average pulmonary compliance of 5.2 ml per cm H2O during quiet respiration in 18 infants aged 1 hour to 7 days.
Swyer, Reiman and Wright (5) measured a pulmonary compliance of 4.9 ml per cm H1O in 15 sleeping infants aged 2 hours to 11 days. In both studies the values were calculated from the ratio of tidal volume to the change in intraesophageal pressure measured between points of no flow, i.e., at the extremes of tidal volume. Although in both of these groups the infants were younger than those in our study, wve have thought it worthwhile to compare their results for pulmonary compliance and ours for total compliance. For this purpose, 6.8 cm H2O positive airway pressure most closely approximates the negative change in intraesophageal pressure observed by the above two groups. At this airway pressure, our average total compliance was 5.2 ml per cm H2O when immediately preceded by a higher pressure, and 4.9 ml per cm H20 when not immediately preceded by a higher pressure. These values approximate closely those reported for the infant's pulmonary compliance. This indicates that the compliance for the thorax, alone, is high in infants. A high chest wall compliance has been measured in newborn dogs (9) . Decreased pulmonary compliances have been reported in infants with respiratory disease (4, 10, 11). The following case report describes an infant demonstrating decreased total compliance 12 hours before signs of respiratory disease became evident.
This 7 pound 4 ounce male, with an imperforate anus, was admitted to this hospital within 8 hours of his birth. There was no evidence of pulmonary disease or abdominal distention by history, physical examination or roentgenogram. An anoplasty was performed when the infant was approximately 24 hours old. Atropine, 0.15 mg, was given intramuscularly 30 minutes prior to induction of anesthesia with cyclopropane and oxygen. The technique of anesthetic induction and tracheal intubation was by the method described for compliance studies. Succinylcholine, 6.0 mg per pound of body weight, was given intramuscularly in two doses.
Compliance measurements were made within 4 minutes of the first injection of muscle relaxant. The pressures used were 6.8, 13.6, 20.4, 27.2 and 34.0 cm H2O, starting and ending at the highest pressure. The compliance values for the descending series were 3.1, 3.1, 3.5, 3.2 and 2.9 ml per cm H2O; the values for the ascending series were 2.9, 3.1, 3.0, 3.1 and 2.9 ml per cm H20. The reason for the decreased compliance was not immediately evident.
Anesthesia and operation were continued without complications, and the postoperative course seemed normal for the first 12 hours. At this time the infant's respirations became labored, his chest retracted with each breath, and copious respiratory secretions developed. This respiratory distress progressively became worse over the next 12 to 20 hours, and several laryngoscopic tracheal aspirations were necessary to remove the thick secretions. It was feared that this represented hyaline membrane disease, but a chest roentgenogram was interpreted as "slight pulmonary hyperaeration." By 36 hours after operation, and following antibiotic therapy and aspiration of respiratory tract secretions, the infant's symptoms began to subside, and by 48 hours after operation, his condition was improved markedly.
Whatever the cause of this infant's respiratory prob-lem, we were able to demonstrate that the total compliance was decreased appreciably 12 hours beforc the onset of clinical respiratory symptoms.
SUMMARY
Measurements of the total lung and chest wall compliance at various airway pressures in 21 normal infants paralyzed with succinylcholine have been reported. Data are presented which show that the average total compliance for a given airway pressure is greater when immediately preceded by an inflation at a higher airway pressure than by one at a lower airway pressure. The similarity between values for pulmonary and total compliance in the infant is noted and discussed. In addition, a case has been presented in which a decreased total compliance was measured in an infant 12 hours before signs of respiratory disease became evident.
